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METHOD FOR PURIFYING ANTIBODIES
USING PBS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 62/028,994 filed Jul. 25, 2014, the
content of which 1s imcorporated herein by reference 1n 1ts
entirety.

GOVERNMENT RIGHTS

This imnvention was made with Government support under

contract number HHSN261200800001E awarded by the
National Institutes of Health, National Cancer Institute. The

Government has certain rights in the mvention.

BACKGROUND OF THE INVENTION

Known processes for purilying monoclonal antibodies
and other biological materials are often required to remove
unwanted impurities, which 1s particularly important when
the biologic 1s produced for therapeutic uses. One way to
remove 1mpurities 1s through diafiltration. Diafiltration 1s
known 1n the art and described in, for example, Wayne P.
Olson, Separations ITechnology: Pharmaceutical and Bio-
technology Applications (Interpharm Press 1995); Mumir

Cheryan, Ultrafiltration and Microfiltration Handbook (2d

ed. CRC Press 1998); Stefan Behme, Manufacturing of

Pharmaceutical Proteins (Wiley-VCH 2009); and Glyn N.
Stacey, Medicines from Animal Cell Culture (John Wiley
2007), all of which are incorporated herein by reference 1n
their entireties.

Ch14.18 (also referred to herein as “dinutuximab™) 1s an
ant1-GD, monoclonal antibody and has been described 1n
Gillies et al., Journal of Immunological Methods 125:191-
202 (1989), which 1s incorporated herein by reference 1n 1ts
entirety. When using the chl4.18 antibody for therapeutic
purposes, 1t 1s 1mportant to remove impurities such as
bis(2-hydroxyethyl)amino-tris(hydroxymethyl)methane
(Bis-tr1s) to ensure the safety and eflectiveness of the
monoclonal antibody. Thus, there 1s a need for methods of
removing unwanted impurities from biologic compositions.

SUMMARY OF THE INVENTION

Many embodiments of the invention described herein
relates to a method for purifying a biologic composition,
comprising diafiltering the biologic composition with phos-
phate buflered saline (PBS) to obtain a purified composition.
In one embodiment, the biologic composition comprises
least one 1solated protein.

In one embodiment, the 1solated protein 1s a monoclonal
antibody. In one embodiment, the monoclonal antibody 1s
chl4.18.

In one embodiment, the biologic composition further
comprises at least one impurity. In one embodiment, the
impurity 1s bis(2-hydroxyethyl)amino-tris(thydroxymethyl)
methane (Bis-tris). In one embodiment, the concentration of
the Bis-tris 1n the biologic composition 1s 10 to 50 mM
Bis-tris at a pH of 6.3 to 6.7.

In one embodiment, the diafiltering removes at least 50%
of the Bis-tris from the biologic composition. In one
embodiment, the diafiltering removes at least 70% of the
Bis-tris from the biologic composition.
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In one embodiment, the concentration of the PBS 1s 10 to
50 mM Sodium Phosphate and 100 to 200 mM NaCl.

In one embodiment, the monoclonal antibody 1s concen-
trated to a concentration of at least 2.0 to 5.0 AU before
being diafiltered into the composition comprising PBS. In
one embodiment, the monoclonal antibody 1s concentrated
to a concentration of at least 4.0 to 6.0 AU before being
diafiltered into the composition comprising PBS.

In one embodiment, the method further comprises 1solat-
ing and purifying the monoclonal antibody using at least one
chromatography column.

In one embodiment, the method comprises 1solating and
purifying the monoclonal antibody using at least one aflinity
chromatography column, at least one cation exchange chro-
matography column, and/or at least one anion exchange
chromatography column. In one embodiment, the anion
exchange chromatography column 1s a Capto™ adhere
column. In one embodiment, the monoclonal antibody 1s
cluted from the Capto™ adhere column using a composition
comprising Bis-tris.

In one embodiment, at least three volume units of the
biologic composition 1s diafiltered 1nto one volume unit of
the composition comprising PBS. In one embodiment, at
least five volume units of the biologic composition 1is
diafiltered 1nto one volume unit of the composition com-
prising PBS.

In one embodiment, the purified composition 1s further
diafiltered 1nto a composition comprising histidine.

Further described 1s a method for puritying a monoclonal
antibody, comprising: (a) passing a {irst composition com-
prising the monoclonal antibody through an aflinity chro-
matography column to obtain a second composition com-
prising the monoclonal antibody; (b) lowering the pH of the
second composition to obtain a third composition; (¢) wash-
ing the third composition with a solvent-detergent to
obtained a fourth composition; (d) washing the fourth com-
position to remove the solvent-detergent to obtain a fifth
composition; (e) passing the fifth composition through a
cation exchange chromatography column to obtain a sixth
composition comprising the monoclonal antibody; (1) sub-
jecting the sixth composition to nano-filtration to obtain a
seventh composition; (g) passing the seventh composition
through an anion exchange chromatography column to
obtain an eighth composition comprising the monoclonal
antibody and Bis-tris; and (h) diafiltering the eighth com-
position 1nto a composition comprising PBS to obtain a
ninth composition comprising the monoclonal antibody but
substantially free from Bis-tris.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows weak cation exchange HPLC Analysis of
chl14.18 after diafiltration with PBS. Line A represents
ch14.18 diafiltered with PBS. Line B represents chl14.18

1afiltered 1into HBS, both monitored at 2135 nm.

FIG. 2 shows sample of 25 mM Bis-tris loaded onto the
weak cation exchange HPLC column, and demonstrates that
the peak with a retention time of ~7 minutes 1s due to
Bis-tris. Evaluation of 25 mM Bis-tris by weak cation
exchange. Line A 1ndicates the absorbance monitored at 215
nm. Line B indicates the absorbance monitored at 280 nm.

FIG. 3 shows weak cation HPLC of Capto™ adhere
cluate pool from new or used resin, and demonstrates that
the peak at ~7 minutes 1s due to Bis-tris and not to some
contaminant on the column from prior usage. Samples of
Capto™ adhere eluate pools, with no ch14.18 derived from
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new or used chromatography columns Line A 1s for sample
from the new column Line B 1s from the used column.

FIG. 4 shows weak cation exchange HPLC chromatog-
raphy of chl14.18, spiked with contaminants prior to diafil-
tration into PBS. Line A represents chl4.18 with no con-
taminant spike. Line B represents chl14.18 spiked with
tributyl phosphate and polysorbate 80. Line C represents
ch14.18 spiked with methotrexate. None of the trace addi-
tives from the purification process are responsible for the
peak at ~7 minutes (FIGS. 1 & 2).

FIG. 5 provides a schematic depicting one embodiment of
a process flow chart for purifying a monoclonal antibody
(e.g., ch14.18). This purification process was 1nitially devel-
oped by the National Cancer Institute (NCI) (see Example 2)
and subsequently improved by United Therapeutics Corp
(see Example 1).

FIG. 6 provides a schematic of a diafiltration apparatus
that may be used in conjunction with the diafiltration steps
detailed herein for concentrating antibody-containing com-

positions, e.g., during the concentration steps of Section 17
and Section 19 of FIG. §.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Many embodiments described herein relate to a method
for purifying a biologic composition, comprising diafiltering
the biologic composition with phosphate buflered saline
(PBS), to obtain a purified composition.

Biologic Composition

Many biologic compositions known in the art can be
purified using the methods described herein. The biologic
composition can comprise at least one material created
biologically rather than chemaically synthesized, including
proteins, nucleic acids, cells, tissues, vaccines, and blood or
a component thereof.

The biologic composition can comprise, for example, at
least one 1solated protein including a recombinant protein.
The biologic composition can comprise, for example, at
least one 1solated nucleic acid. The biologic composition can
comprise, for example, at least one monoclonal antibody.
The biologic composition can comprise, for example, at
least one chimeric, altered, or humanized antibody.

In one particular embodiment, the biologic composition
comprises at least one chl4.18 monoclonal antibody,
although other antibodies and biologics can be purified by
the teaching disclosed herein.

The biologic composition can comprise, for example, at
least one impurity. The impurity can be, for example, an
undesirable salt such as Bis-tris. The concentration of the
Bis-tris impurity in the biologic composition can be, for
example 1 to 100 mM Bis-tris, or 10 to 50 mM Bis-tris, or
20 to 40 mM Bis-tris. The pH can be, for example, 6 to 7,
or 6.3 to 6.7, or 6.4 to 6.6.

Diaafiltration with PBS

In some embodiments, the method described herein com-
prises diafiltration of at least two, at least three, at least four,
at least five, or at least six volume units of the biologic
composition mnto one volume unit of PBS. One of ordinary
skill 1n the art will appreciate the general principles of
diafiltration as a technmique that 1s well known 1n the art.
Diafiltration 1s a dilution process that completely removes,
replaces, or lowers the concentration of salts or solvents
from solutions containing proteins, peptides, nucleic acids,
and other biomolecules. While the process does not always
require membrane filters, in certain embodiments diafiltra-
tion selectively utilizes permeable porous membrane filters
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to separate the components of solutions and suspensions
based on their molecular size. An ultrafiltration membrane
retains molecules that are larger than the pores of the
membrane while smaller molecules such as salts, solvents
and water, which are 100% permeable, freely pass through
the membrane. (Further reference can be made to Pall Life
Science, Science and Technical Report, “Dhalfiltration: A
Fast, Eflicient Method for Desalting, or Buller Exchange of
Biological Samples,” which is incorporated in 1ts entirety by
reference.) Another reference to diafiltration may be found
at Schwartz et al., “Diafiltration for Desalting or Builler
Exchange,” BioProcess International, May 2003, p. 43-49,
which 1s incorporated herein by reference. Further reference
to diafiltration may be found 1n U.S. Pat. No. 6,423,231
(Non-1sosmotic diafiltration system), U.S. Pat. No. 6,406,
631 (Two stage diafiltration method and apparatus), U.S.
Pat. No. 5,225,194 (Aqueous diafiltration process for pre-

paring acellular vaccines, against selected bacterial dis-
cases), U.S. Pat. No. 4,728,430 (Driafiltration method), and

U.S. Pat. No. 4,436,626 (Capillary diaphragms for use in
diafiltration), each of which 1s 1incorporated herein by ret-
erence.

In some embodiments, the biologic composition com-
prises undesirable Bis-tris, and the method described herein
comprises removing at least 30%, at least 50%, at least 70%,
at least 90%, or at least 95% of the Bis-tris from the biologic
composition by means of PBS diafiltration.

The concentration of the PBS can be, for example, 10 to
50 mM Sodium Phosphate, and 100 to 200 mM NacCl.

In some embodiments, prior to being diafiltered with PBS,
the biologic composition 1s concentrated {first.

In some embodiments, after the PBS diafiltration, the
biological composition 1s diafiltered into a formulation com-
prising 20 mM histidine, 150 mM NaCl, and 0.05% Tween
20 saline (HBS).

Isolation of Monoclonal Antibody

In several embodiments described herein, the method also
comprises 1solating and purifying the monoclonal antibody
betore the PBS diafiltration. The monoclonal antibody can
be 1solated and purified by, for example, at least one chro-
matography column. The monoclonal antibody can be 1so-
lated and purified by, for example, at least one aflinity
chromatography column, at least one cation exchange chro-
matography column, and/or at least one anion exchange
chromatography column. The anion exchange chromatog-
raphy column can be, for example, a Capto™ adhere col-
umn. In some embodiments, the chromatography step can
include passing the sample through a Superdex (e.g., Super-
dex 200) size-exclusion chromatography column, followed
optionally by passing the composition through a Q Sephar-
ose¢ anion exchange column or resin. In an alternative
embodiment, the Superdex and Sepharose columns can be
replaced with a Capto™ adhere column. While specific
embodiments are exemplified above, one of ordinary skill 1n
the art may conduct the chromatography step or steps with
any suitable chromatography system (e.g., anion, cation,
s1ize-exchange, Capto™ adhere) or combination of systems
(e.g., Superdex and Sepharose) 1n accordance with ordinary
skill and knowledge 1n the art.

Capto™ adhere column 1s known 1n the art and a com-
mercially available from GE Healthcare Life Sciences. It 1s
a multimodal medium for intermediate purification and
polishing of monoclonal antibodies after capture on Protein
A medium by packed bed chromatography. Some embodi-
ments described herein comprises purifying a monoclonal
antibody using Capto™ adhere column, wherein the mono-
clonal antibody 1s eluted with a composition comprising
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Bis-tris bufler. The eluted antibody formulation must then be
diafiltered into a formulation comprising PBS, as discussed
above, and optionally further diafiltered into a formulation
comprising HBS.

The methods described herein can further comprise, for
example, concentrating the biologic composition compris-
ing harvested monoclonal antibody.

The methods described herein can further comprise, for
example, diafiltering the biologic composition into Protein A
equilibration bufler. In a particular aspect, the Protein A
equilibration bufler comprises 25 to 100 mM Sodium Phos-

phate, 0.5 to 2.0 M NaCl, with pH 7.0 to 8.0.

The methods described herein can further comprise, for
example, passing the biologic composition through an aflin-
ity chromatography column, such as a Protein A aflinity
column.

The methods described herein can further comprise, for
example, viral inactivation by lowering the PH of the
biologic composition.

The methods described herein can further comprise, for
example, viral inactivation by washing the biologic compo-
sition with a solvent-detergent. In a particular aspect, the
solvent-detergent comprises 10 to 25% Polysorbate
(TWEEN), 5 to 10% Tributyl Phosphate.

The methods described herein can further comprise, for
example, washing the biologic composition to remove any
solvent-detergent.

The methods described herein can further comprise, for
example, diafiltering the biologic composition into 50HS
equilibration bufler. In a particular aspect, the SOHS equili-
bration bufler comprises 5 to 20 mM Citrate, 5 to 30 mM
Phosphate, 15 to 100 mM Sodium Chlonde, with pH 4.0 to
S5.3.

The methods described herein can further comprise, for
example, passing the biologic composition through a cation
exchange athnity chromatography column such as a 50HS
column.

The methods described herein can further comprise, for
example, subjecting the biologic composition to nano-filtra-
tion.

The methods described herein can further comprise, for
example, passing the biologic composition through an anion
exchange afhmity chromatography column, such as a
Capto™ adhere column before the PBS diafiltration. The
monoclonal antibody can be eluted from the Capto™ adhere
column using a Bis-tris bufler.

The methods described herein can further comprise, for
example, diafiltering the biologic composition into a histi-
dine builer after the PBS diafiltration.

In one embodiment, the methods described herein com-
prises the following steps:

(a) passing a first composition comprising the monoclonal
antibody through an afhimity chromatography column to
obtain a second composition comprising the monoclonal
antibody;

(b) lowering the pH of the second composition to obtain a
third composition;

(c) washing the third composition with a solvent-detergent
to obtained a fourth composition;

(d) washing the fourth composition to remove the solvent-
detergent to obtain a fifth composition;

(e) passing the fifth composition through a cation exchange
chromatography column to obtain a sixth composition com-
prising the monoclonal antibody;

(1) subjecting the sixth composition to nano-filtration to
obtain a seventh composition;
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(g) passing the seventh composition through an anion
exchange chromatography column to obtain an eighth com-
position comprising the monoclonal antibody and Bis-tris;
and

(h) diafiltering the eighth composition mnto a composition

comprising PBS to obtain a ninth composition comprising
the monoclonal antibody but substantially free from Bis-tris.

WORKING EXAMPLES

Example 1—Development of Weak Cation
Exchange HPLC Assay

In the development of the ch14.18 purification process, an
objective was to improve the purification process which was
iitially developed by the National Cancer Institute (NCI)
(see FIG. 5 for the process imitially developed by the NCI).
A Turther objective was to upgrade to chromatography resins
which had better capacity, better flow properties, or were
tolerant of harsher chemicals that could be useful to sanitize
the resins prior to the next use (e.g., Capto™ adhere resin
tfrom GE Healthcare).

For the last chromatography purification step (see Section
18 of FIG. 5), NCI used a Superdex 200 size-exclusion
chromatography column to remove aggregates and dimers of
ch14.18, followed by a Q Sepharose anion exchange resin as
a polishing resin. They were upgraded to a resin that
removes viruses, aggregates, and traces contaminants—the
Capto™ adhere resin from GE Healthcare (see e.g., GE
Healthcare Life Sciences, Instructions 28-9064-05 Capto™
adhere Athnity Chromatography product manual, which 1s
incorporated herein by reference 1n 1ts entirety. This resin 1s
a mixed mode resin, a combination of anion exchange and
hydrophobic mteraction. It was operated 1n the flow through
mode, 1n which the contaminants bind to the resin, while the
ch14.18 monoclonal antibody did not bind and remained 1n
the flow-through.

At the same time that the purification of chl4.18 was
being revised, quality indicating assays were also being
developed. One of these was a weak cation exchange
chromatography HPLC assay. For this, the TSKGEL
CM-35SW column from TOSOH was used to assess the
purity of chl14.18. For this analysis, the antibody bound to
the column and eluted the column as a salt gradient was run
through the column. The column was equilibrated 1n a low
salt sodium phosphate bufler (bufler A) and the gradient was
generated with an increased concentration of sodium phos-
phate/sodium perchlorate bufler (Buller B). With this sepa-
ration method the column effluent was monitored at 215 nm
and the chl14.18 peak eluted from the column at approxi-
mately 15-19 minutes aiter injection. The retention time for
chl14.18 varied as the method and gradient were being
optimized. During the development of the assay, various
samples of ch14.18 were tested and 1n some of them a fairly
large peak, having a retention time of ~7.5 minutes was
observed. In trying to 1dentily this contaminant, samples of
ch14.18 were spiked with contaminants that are added early
in the manufacturing process (see FIG. 1). A sample of
ch14.18 which did not contain the contaminant was spiked
with methotrexate or tributyl phosphate and polysorbate 80.
None of these contaminants appeared to be the source of the
peak with the retention time of 7.5 minutes.

Through tracing the source of the samples and which step
in the purification process the sample was derived from, 1t
was noted that the peak at 1ssue was only seen after Capto™
adhere chromatography, which was the final polishing step
in the purification process. It was suspected that the con-
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taminant was some trace contaminant, such as host cell
protein from the cell culture process that was co-purifying
and concentrating on the column. Samples from mock runs
on a Capto™ adhere column which had been loaded on a
used column or a new column were evaluated by weak
cation exchange chromatography HPLC (see FIG. 2). The
contaminant peak at 7.5 minutes was found 1n both samples
at approximately the same concentration, indicating that the
contaminant was not derived from upstream contaminants.

By tracking the origin of the samples of ch14.18 which
contained the samples and those that did not, 1t became
apparent that the contaminant was Bis-tris which 1s the
butler salt used for the Capto™ adhere purification step (see
FIG. 3).

Having 1dentified the contaminant, investigated next was
the reason that some of the purified ch14.18 samples, which
had been through the entire purification process, contained
the Bis-tris peak, whereas others did not. Also being devel-
oped 1s a final antibody formulation 1n 20 mM histidine, 150
mM NaCl, 0.05% Tween 20 saline (HBS), which was
transitioned from a formulation in phosphate buflered saline
(PBS) used by NCI. It was noted that 1f the Capto™ adhere
product pool containing ch14.18 was diafiltered directly into
the HBS bufler, the Bis-tris peak did not diafilter out of the
retentate pool. However, 11 this pool was first diafiltered 1nto
phosphate buflered saline and then into the HBS butler, the
Bis-tris was completely removed from the solution. FIG. 4
shows chl14.18 from the Capto™ adhere chromatography
step that had been diafiltered into HBS or diafiltered with
PBS

In conclusion, the Capto™ adhere column 1s commonly
used 1n the biotechnology industry for the purification of
monoclonal antibodies. It has utility for the removal of trace
contaminants such as residual Protein A ligand, residual host
cell DNA, residual host cell proteins, antibody aggregates,
and viruses. Diafiltration with PBS was proved to be an
cllective way to remove the Bis-tris impurities prior to the

final formulation of a monoclonal antibody such as ch14.18.

Example 2—Process Flow Chart

A Process Flow Chart 1s provided 1n FIG. S which depicts
one embodiment for purilying a monoclonal antibody (e.g.,
Ch14.18). The process depicted 1s not meant to be strictly
limited and may be adjusted 1n accordance with the particu-
lar needs and circumstances of the process at hand. The
process of FIG. 5 generally refers to the following steps:

Section 8. Initial pooling and filtration of harvest of the
monoclonal antibody (e.g., crude harvest).

Section 9. Passing the harvests of Section 8 through an
aflinity chromatography column (e.g., a Protein A chroma-
tography column) to obtain a second composition compris-
ing the monoclonal antibody.

Section 10. Inactivating viruses by lowering the pH of the
second composition to obtain a third composition. The third
composition 1s then washed with a solvent-detergent to
obtained a fourth composition, which 1s then washed again
to remove the solvent-detergent to obtain a fifth composi-
tion.

Section 11. Passing the fifth composition through a cation
exchange chromatography column (e.g., SP Sepharose FF
Chromatography) to obtain a sixth composition comprising
the monoclonal antibody. The Protein A chromatography
can be repeated (Section 12), followed by a repeating of the
viral mactivation (Section 13), followed by a repeating of
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the cation exchange chromatography (e.g., Sepharose) (Sec-
tion 14). The Sepharose runs are then pooled to form the
sixth composition.

Section 16. Subjecting the sixth composition to nano-
filtration to further remove viruses to obtain a seventh
composition.

Section 17—Concentration of the seventh composition by
diafiltration (e.g., using the diafiltration apparatus of FIG. 6),
followed by Section 18—punfication by chromatography. In
one embodiment, the chromatography can including passing
the composition through a Superdex 200 size-exclusion
chromatography column to remove aggregates and dimers of
the monoclonal antibody, followed by passing the compo-
sition through a (Q Sepharose anion exchange resin to obtain
an eighth composition comprising the monoclonal antibody.
In an alternative embodiment, the chromatography can

include passing the composition through a Capto™ adhere
column to obtain an eighth composition.

Section 19. Concentration and Final Filtration. The eighth
composition 1s then subjected to concentration and final
filtration, including diafiltration mto a composition compris-
ing PBS, to obtain a ninth composition comprising the
monoclonal antibody.

It 1s noted that the diafiltration system of FIG. 6 can be
used for any of the diafiltration steps noted above, including
in particular, Section 17 and Section 19. In certain embodi-
ments, the following adjustments were made to the diafil-
tration process to reduce sheering of protein, hence limiting
the particulates that previously can be encountered during
the 1mitial purification. First, the wash volumes for rProtein
A runs were 1ncreased (e g, 6-7 CV for rProtein A Wash #1
as compared to 5-6 cv in previous lots and more than 4 CV
for rProtein A Wash #2 compared to 3 cv 1n previous lots.
Second, 20 L carboy cap assembly was changed from a 2
drop tube assembly (APA-0001) to a 3 drop tube type
assembly (APA-0068) which appeared to substantially
reduce visible foaming of product. Third, during the con-
centration/diafiltration and the final concentration, the reten-
tate line on the TFF was opened to reduce pressure during
the filtration. The pressure was lower than i previous lots.
Fourth, during filter prep for the concentration/diafiltration,
the WFI flush was increased from 5 L to 20 L and the builer
flush was increased from 4 L to 10 L. Fitth, during filter prep
for the final concentration, the WFI flush was increased from
5 L to 25 L and the buffer flush was increased from 5 L to
10 L. Sixth, the stir bar was changed from part number
20266 used 1n concentration/diafiltration and final concen-
tration to egg-shaped stir bar part number 20122. Other
changes and modifications are possible and are within the
scope of the invention contemplated by this specification.

ADDITIONAL EMBODIMENTS

Embodiment 1

A method for puritying a biologic composition, compris-
ing diafiltering the biologic composition with phosphate
buflered saline (PBS) to obtain a purified composition.

Embodiment 2

The method of embodiment 1, wherein the biologic
composition comprises at least one i1solated protein.
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Embodiment 3

The method of any of embodiments 1 to 2, wherein the
biologic composition comprises at least one 1solated mono-
clonal antibody such as ch14.18.

Embodiment 4

The method of any of embodiments 1 to 3, wherein the
biologic composition further comprises at least one impurity
such as  bis(2-hydroxyethyl)amino-tris(hydroxymethyl )
methane (Bis-tris).

Embodiment 5

The method of any of embodiments 1 to 4, wherein the

biologic composition further comprises Bis-tris at a concen-
tration of 10 to 50 mM Bis-tris at a pH of 6.3 to 6.7.

Embodiment 6

The method of any of embodiments 1 to 5, wherein the
diafiltering removes at least 50%, at least 70%, or at least
90% of the Bis-tris from the biologic composition.

Embodiment 7

The method of any of embodiments 1 to 6, wherein the
concentration of the PBS 1s 10 to 50 mM Sodium Phosphate
and 100 to 200 mM NaCl.

Embodiment 8

The method of any of embodiments 1 to 7, wherein the
monoclonal antibody 1s concentrated to a concentration of at
least 2.0 to 5.0 AU, before being diafiltered into the com-
position comprising PBS.

Embodiment 9

The method of any of embodiments 1 to 8, comprising
1solating and purilying the monoclonal antibody using at
least one chromatography column.

Embodiment 10

The method of any of embodiments 1 to 9, comprising
1solating and purifying the monoclonal antibody using at
least one athnity chromatography column, at least one cation
exchange chromatography column, and/or at least one anion
exchange chromatography column such as Capto™ adhere
column.

Embodiment 11

The method of any of embodiments 1 to 10, wherein the
monoclonal antibody 1s eluted from the Capto™ adhere

column using a composition comprising Bis-tris before
being diafiltered with PBS.

Embodiment 12

The method of any of embodiments 1 to 11, wherein at
least three volume units, least four volume units, least five
volume units, or least six volume units of the biologic
composition 1s diafiltered 1nto one volume unit of the
composition comprising PBS.
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Embodiment 13

The method of any of embodiments 1 to 12, wherein the
purified composition 1s further diafiltered into a composition
comprising histidine.

Embodiment 14

A method for purilying a monoclonal antibody, compris-
ing: (a) passing a first composition comprising the mono-
clonal antibody through an aflinity chromatography column
to obtain a second composition comprising the monoclonal
antibody; (b) lowering the pH of the second composition to
obtain a third composition; (¢) washing the third composi-
tion with a solvent-detergent to obtained a fourth composi-
tion; (d) washing the fourth composition to remove the
solvent-detergent to obtain a fifth composition; (e) passing
the fifth composition through a cation exchange chromatog-
raphy column to obtain a sixth composition comprising the
monoclonal antibody; (1) subjecting the sixth composition to
nano-filtration to obtain a seventh composition; (g) passing
the seventh composition through an anion exchange chro-
matography column to obtain an eighth composition com-
prising the monoclonal antibody and Bis-tris; and (h) dia-
filtering the eighth composition nto a composition
comprising PBS to obtain a ninth composition comprising
the monoclonal antibody but substantially free from Bis-tris.

What 1s claimed 1s:

1. A method for purifying a monoclonal antibody, com-
prising:

(a) passing a first composition comprising the monoclonal
antibody through an atlinity chromatography column to
obtain a second composition comprising the monoclo-
nal antibody;

(b) lowering the pH of the second composition to obtain
a third composition;

(¢c) washing the third composition with a solvent-deter-
gent to obtained a fourth composition;

(d) washing the fourth composition to remove the solvent-
detergent to obtain a fifth composition;

(¢) passing the {fifth composition through a cation
exchange chromatography column to obtain a sixth
composition comprising the monoclonal antibody;

(1) subjecting the sixth composition to nano-filtration to
obtain a seventh composition;

(g) passing the seventh composition through a mixed
mode chromatography column to obtain an eighth
composition comprising the monoclonal antibody and
Bis-tris; and

(h) diafiltering the eighth composition into a composition
comprising PBS to obtain a ninth composition com-
prising the monoclonal antibody but substantially free
from Bis-tris,

wherein the monoclonal antibody 1s ch14.18.

2. The method of claim 1, wherein the concentration of
the Bis-tr1s 1n step (g) 1n the biologic composition 1s 10 to
50 mM Bis-tris at a pH of 6.3 to 6.7.

3. The method of claim 1, wherein the diafiltering of step
(h) removes at least 50% of the Bis-tris from the biologic
composition.

4. The method of claim 1, wherein the diafiltering of step
(h) removes at least 70% of the Bis-tris from the biologic
composition.

5. The method of claim 1, wherein the concentration of
the PBS 1n step (h) 1s 10 to 50 mM Sodium Phosphate and

100 to 200 mM NaCl.
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6. The method of claim 1, wherein the monoclonal
antibody 1s concentrated to a concentration before being
diafiltered into the composition comprising PBS 1n step (h).

7. The method of claim 1, wherein the mixed mode
chromatography column of step (g) has a resin with a
combination of anion exchange and hydrophobic interac-
tion.

8. The method of claim 7, wherein the monoclonal
antibody 1s eluted 1n step (g) from the mixed mode chro-
matography column with a combination of anion exchange
and hydrophobic interaction using a composition compris-
ing Bis-tri1s.

9. The method of claim 1, wherein at least three volume
units of the eighth composition is diafiltered into one volume
unit of the composition comprising PBS 1n step (h).

10. The method of claim 1, wherein at least five volume
units of the eighth composition 1s diafiltered into one volume
unit of the composition comprising PBS 1n step (h).

G e x Gx ex
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